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The discovery of superconductivity in MgB, [1] has lead to an
intensive examination of the basic properties of this simple binary compound.
Within half year of the January 2001 announcement a wealth of information
about the synthesis and basic properties of powders, wires and films of MgB,
has been submitted for publication.

In this paper we will review the synthesis and characterization of
MgB,. We will start with an overview of how to produce MgB, in a variety
of forms via exposure of elemental B to Mg vapor. This will be followed by a
review of the results of measurements on the samples made with isotopically
pure ''B and '’B. In thermodynamic as well as transport properties there is a



clear isotope shift of approximately 1 K, a value that is consistent with
phonon mediated, BCS superconductivity. We will then present the results of
measurements on wire segments, as well as sintered pellets that delineate the
basic properties of MgB, and allow for estimates of normal state as well as
superconducting length scales. Finally we will discuss recent results that
indicate that MgB, may well have significant anisotropies associated with the
superconducting state.

Given that many of the researchers active in this rapidly growing field
will be contributing to this volume, in this paper we will primarily review the
work that has been done by the Ames Laboratory group and collaborators.
This is not meant to be a review of the literature as a whole, but a summary of
our own contributions to the first months of this field.

SYNTHESIS OF MgB, PELLETS, WIRE SEGMENTS AND THIN FILMS

The binary phase diagram for Mg — B is shown in Figure 1. MgB, is
shown as a line compound that decomposed near 1500°C when it is in
equilibrium with Mg vapor. The lack of an exposed liquidus — solidus line for
MgB, indicates that MgB, is unlikely to be grown out of a binary melt.
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Fig. 1. Proposed binary phase diagram for the B-Mg system (after ref. [2]).

Indeed attempts to find exposed surfaces of primary solidification for MgB,
in ternary and quaternary melts have, up to this point in time, failed. On the



other hand we have found that it is relatively simple to synthesize
polycrystalline samples of MgB, by reacting boron powder (or filaments or
films) with Mg vapor. The powder samples that will be discussed below have
been synthesized as follows [3]: stoichiometric quantities of high purity Mg
(99.99%) and isotopically pure boron (< 100 mesh, 99.5% from Eagle Picher)
were sealed into a Ta tube under an atmosphere of high purity argon. The
sealed Ta tube was itself sealed into a quartz ampoule and was placed into a
box furnace that was at 950°C for a given time (usually two hours). The
reaction ampoule was then quenched into cold water and the Ta tube was
pealed away from the MgB, which, at this point, was in the form of a pellet.

Figure 2 presents a powder X-ray diffraction pattern of MgB, that has
been produced in this manner. Figure 3 presents powder x-ray diffractions
patterns from samples that have been reacted for various times ranging from
15 minutes to 4 hours. As can be seen by 2 hours the MgB, peaks are fully
developed. For short times, t < 30 minutes, the MgB, peaks are not as well
developed and we find extra peaks that are associated with unreacted Mg [4].
For carefully reacted samples with a stoichiometric ratio of Mg and B powder
X-ray diffraction patterns can be found the have no extraneous peaks. Figure
4 is an electron microscope image of the grains in a pellet of MgB, made in
this manner. As can be seen the pellet is made up of individual grains with
linear dimensions between 0.5 — 5.0 um.
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Fig. 2. Powder X-ray (Cu K« radiation) diffraction spectra of MgB, (with A, k, [
values) and Si standard (*).
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Fig. 3. Powder X-ray diffraction patterns from samples of MgB, that have been
reacted at 950°C for representative times (as described in text) [4].
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Fig. 4. Electron microscope image of the snapped surface of a MgB, pellet. Note:
white horizontal bar is 1 um.



MgB, can be formed in a variety of morphologies depending upon the
form of the boron that is exposed to Mg vapor. Boron is available in the form
of filaments that range in diameters from 100 — 300 um [5,6]. Segments of
dense MgB, wire can be synthesized by exposing such boron fibers to Mg
vapor as follows [7]. Segments of boron filament are sealed into a Ta tube
with excess Mg (often with a stochiometry close to Mg;B). Given that MgB,
is the most Mg-rich binary compound (see figure 1), an excess of Mg insures
that there is adequate Mg in the reaction vessel to allow the complete
transformation of the boron into MgB,. The Ta tube is then sealed into quartz
and placed in a furnace that is at 950°C and left to react for two or more hours
(depending upon the size of the starting boron filament). Once the reaction is
complete the ampoule is removed from the furnace and quenched to room
temperature.

As an aside, one growth was performed specifically to demonstrate that
the MgB, formed solely as a result of exposure to Mg vapor. In this case the
boron filaments were segregated from the liquid Mg: 1i.e. placed a centimeter
above the liquid Mg (via a series of crossed strainers). This well defined
separation of the filaments from the liquid Mg made no difference in the final
outcome. After two hours at 950°C the MgB, wires were well formed.
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Fig. 5. MgB, wire segments made from 100 um diameter boron filaments. Note:
part of U. S. dime in lower left-hand corner for scale [7].



Figure 5 shows a picture of wire segments that were made from 100
um boron filament that was reacted for 2 hours at 950°C. The segments are
somewhat bent and distorted but are mechanically robust. The deformation
very likely is associated with a dramatic increase in volume during the
reactions. Figure 6 shows a snapped cross section of a 100 pum boron
filament as well as the snapped cross section of the MgB, wire segment that
resulted from the exposure to Mg vapor. The diameter of the MgB, wire is
approximately 150 pm. Similar increases in size are observed in wire
segments synthesized from 140, 200 and 300 um boron filaments. The
central feature seen in both the un-reacted filament as well as in the MgB,
wire segment is a tungsten boride core that is approximately 15 pum in
diameter and a result of the process that is used to synthesize the boron fiber
[5]. As will be shown below there is no apparent contamination from the
tungsten nor effect associated with having it in parallel with the MgB..
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Fig. 6. Electron microscope image of a snap cross section of a ~160 um MgB,
wire. Inset: Image of the un-reacted 100 um boron filament. Note: in both images a
central core of tungsten boride (diameter ~ 15 um) can be clearly seen [7].

Figure 7 is an optical microscopy image (using polarized light) of an
~200 wm diameter MgB, fiber synthesized from a 140 um diameter fiber.
The different colors come from the slightly different absorptions associated
with the different alignment of the individual grains. In this image the



tungsten boride core is split. The density of the wire segments is estimated to
be better than 90 % of the theoretical density.

Fig. 7. Optical microscope image (using polarized light) of a polished cross section
of ~ 200 um diameter MgB, wire.

In addition to wires, MgB, can be produced in the form of thin films in
a similar manner. As discussed in Ref [7], exposure of boron in differing
morphologies (filaments, tapes, films) to Mg vapor can lead to
superconducting MgB, with tailored form (wires, tapes, films). In specific,
thin films of boron can be deposited onto substrates (such as SrTiOz). These
thin films of boron can then be reacted with Mg vapor in a manner similar to
that described above for the wires, although much smaller reaction times will
be needed given the much smaller thickness of the boron films. Films made
in this manner have relatively high superconducting transitions (T, = 39 K)
[8]. This procedure for producing thin films of MgB2 has recently been used
by other groups as well [9,10,11].

PHYSICAL PROPERTIES OF MgB,

Polycrystalline samples of isotopically pure Mg'°B, and Mg''B, were
synthesized via a 2 hour reaction at 950°C. The temperature dependent



magnetization and resistance data from these samples near T, are shown in
figure 8. The resistive transition shows a shift in T, of 1.0 K, with TC(Mg“Bz)
=39.2 K and TC(MgIOBz) = 40.2 K, using an offset to define T.. A similar
shift in T, is detected in the temperature dependent magnetization
measurements. Using an onset criterion of 2% deviation from normal state,
T.Mg''B,) = 39.2 K and T,(Mg'’B,) = 40.2 K. (The data were collected
upon warming, after cooling to 5 K in zero applied field, and then applying a
field of 25 Oe.) As discussed in reference [3], the shielding value exceeds
-1/4m, but this is associated with the demagnetization factor. When a similar
measurement is made on a dense sample of wire with a small, well defined
demagnetization factor the shielding is very close to -1/47w [7].
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Fig. 8. Temperature dependent magnetization (upper panel) and resistivity (lower
panel) of isotopically pure MgB, near T.. Note: the magnetization data is normalized to —1
at low temperatures.

Figure 9 presents data on the specific heat of isotopically pure MgB,
samples near T.. These data also show an isotope shift of approximately 1 K.
The superconducting transition temperatures determined from the low field



magnetization and resistivity data for each sample are indicated by the
vertical arrows.

T T T T T T T T T T T
10} o e
e \fd& _
09} .
I f an |
0.8 AAAA 4
L /AAA
07§ AAAAA i
« ¢ ]
S 06} 4
g } } } } } } } } } } }
2 10} .
o ja
O " o
oo} Mg B, Anffp i
08} o il
s o
" &
0.7 e 4
-AAA'AAA i
06 F .
1 1 1 1 1 1 1 1 1

37 38 39 40 41 42 43
T (K)

Fig. 9. Temperature dependence of specific heat near T, for isotopically pure
samples of MgB,. Filled circles are data taken in zero applied magnetic field and open
triangles are data taken in an applied field of 9 T. The vertical arrows indicate the T,
values taken from magnetization and resistivity data shown in figure 8 [3].

The shift in T, associated with the boron isotope effect is delightfully
large, fairly simple to measure and robust. Similar shifts in T, have been
subsequently measured on several different batches as well as by other groups
[12,13]. In the simplest analysis, for a weak-coupled BCS superconductor, T,
would be inversely proportional with the square root of the formula unit mass.
In this case the shift in T, would be 0.87 K. On the other extreme, if
superconductivity were due solely to boron vibrational modes, then T, would
be proportional to the inverse of the square root of the boron mass and a shift
in T, of up to 1.9 K could be possible. A shift in T, of 1.0 K is then consistent
with the phonons that mediate superconductivity being somewhat rich in
boron nature.

More formally, we can estimate the partial (boron) isotope exponent olg
in this compound via o = - Aln T/Aln Mg [14,15]. From the measured values



of T,, the boron isotope exponent can be estimated as o = 0.26 = 0.03. It is
worth mentioning that this value is close to the boron isotope exponents
obtained for the YNi,B,C and LuNi,B,C borocarbides, [16,17] where
theoretical work [18] suggested that the phonons responsible for the
superconductivity are high-frequency boron A,, optical modes. Early band-
structure calculations [19] suggested substantial electron transfer from the
magnesium atom to the two boron atoms in the unit cell. Recent band
structure works [20,21] suggests that the superconductivity in MgB, is
essentially due to the metallic nature of the boron sheets. It should be noted
that whereas the determination of a 1 K isotope shift in MgB, is not proof that
MgB, is a phonon mediated BCS superconductor, it is certainly consistent
with this conclusion.
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Fig. 10. Specific heat of Mg''B, shown over (a) a temperature range near Tc and
(b) an expanded temperature range. The open circles are data taken in zero applied
magnetic field, the solid line is data taken in an applied field of 14 T and the open triangles
are data taken from a table in Ref. [22].



Figure 10 presents the specific heat data of MgB2 over a wider
temperature range. The open circles are data taken in zero applied magnetic
field and the solid line is the loci of data in an applied field of 14 T. By
fitting the high field data to a simple Debye model values of ©p = 775 + 30 K
and Yy = 2.4 £ 0.5 mJ/mol K* can be obtained. Whereas the value of O is
similar to that reported in Ref. [3] the value of 7, is more reliable due to the
larger applied field of 14 T which allows us to measure the normal state to
much lower temperatures (see figure 14 below). The value of ©Op, is quite high
and is consistent with MgB, being a hard material with high characteristic
phonon frequencies. Using the above values, and estimating a AC,(T,) = 92.6
mJ/mol K from figure 10a, we get a value of AC,/Yy Tc ~ 1. A more refined
value of AC,/vy, T, can be obtained if better values of AC, and v can be
extracted from the data. Whereas a more refined value of AC, can be
obtained by using equal entropy constructions etc. this makes relatively little
sense given the size of the error bars associated with the value of .. More
refined values of vy, will have to wait for measurements of C, in field in
excess of He,(0) (~ 17 T as shown below). Figure 10 also shows C,(T) data
for MgB, that was presented in tabular form in 1957 by Swift and White [22].
These data agree fairly well with our data set in the region of overlap. Swift
and White failed to detect the superconducting phase transition near 40 K and
fit the temperature dependence of their data to a power law in T from 20 to 80
K. This is a reasonable treatment of their data, but one has to wonder how the

history of superconductivity would have been changed if superconductivity in
MgB, near 40 K had been discovered in the 1950°s.

Having addressed the question of mechanism (to some extent at least),
the next basic question is what are the basic properties of MgB,? The
temperature dependent resistivity of MgB, wire is shown in figure 11. In
addition the resistance of a piece of sintered pellet of MgB, is shown in Fig.
12. In both cases the residual resistivity ratio (p(300 K)/p(42 K)) is large,
~20 for the pellet and ~25 for the wire. In the case of the wire sample the
geometry and density are much better defined and the resistivity can be
accurately determined: p(300 K) = 9.6 unOhm-cm and p(40 K) = 0.38 nOhm-
cm. The resistivity of the pellet can be estimated. Based on the geometry of
the sample the resistivity at 42 K is roughly 1 uOhm-cm, this is higher than
the resistivity of the wire sample; a deviation that is consistent with the lower
density of the sample leading to a falsely high value of resistivity.

It should be noted that the temperature dependencies of the resistance
(resistivity) for both the sintered pellet and the wire samples are virtually



identical. This simple observation is important since it supports the
assumption that the resistivity that we are measuring is intrinsic to MgB, and
not some artifact associated with the synthesis of the wire, e.g. tungsten
boride core or Mg on the surface. The temperature dependent resistivity
(resistance) shown in figures 11, 12 can be fit by a power law p = po + p; T
with o = 2.6 — 2.8 between T, and 200 K [6,23]. Description of the normal
state resistivity in the whole available temperature range (up to 300 K) with

Bloch — Griineisen expression [24] is in a very good agreement with the
experiment.
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Fig. 11. Temperature dependent electrical resistivity of MgB, wire in zero applied
magnetic field and an applied field of 18 T. Inset: lower temperature resistivity of MgB,
wire for applied magnetic fields of 0, 2.5, 5, 7.5, 10, 12.5, 15, 16, 17 and 18 T [26].

MgB, has a remarkably low, normal state resistivity. The value of p(42
K) = 0.38 uOhm-cm is comparable to that of copper wire and over a factor of
20 times lower than that of polycrystalline Nb;Sn [7]. This by itself is a very
important property of MgB, and promises to be of considerable use. For
example it means that in the normal state MgB, can carry substantially higher
current densities than other superconductors with less Joule heating. On the
other hand though, such low resistivity values are not unusual for boron rich
materials and this low resistivity by itself does not make MgB, anomalous. It



is the combination of a high T, and a low normal state resistivity that makes
MgB, particularly appealing.
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Fig. 12. Temperature dependent electrical resistance of Mg'°B, pellet in zero and 9
T applied magnetic field. Inset: lower temperature resistivity of MglOBz pellet for applied
magnetic fields of 0, 0.5, 1, 2, 3,4, 5,6, 7, 8, and 9T [23].

Figures 11 and 12 also present the temperature dependent resistivity
(resistance) of MgB, under applied magnetic fields. As can be seen there is a
substantial magneto-resistivity at low temperatures. These data can be plotted
on a Kohler’s plot, figure 13, which reveals that Ap/p, is a simple power law
of H/py over most of the field / temperature range. This implies that there is a
single salient scattering time in the normal state and is consistent with MgB,
being a relatively simple intermetallic compound. It should be noted that
since such magneto-resistance requires a small p, in order to be seen,
measurements on samples that have large residual resistivities [25] will not
display this behavior (extrinsic scattering will hide this intrinsic effect).

In addition to delineating the normal state properties, the temperature
and applied magnetic field dependence of the resistivity provides information
about the Hy,(T) curve. T, can be determined from the temperature
dependence of the resistivity by using onset, maximum derivative or offset
criteria. The onset criterion takes T, to be the temperature at which linear



extrapolation of p(T) at the superconducting transition intersects the
extrapolation of the normal state p(T) to lower temperatures, the maximum
derivative criterion takes T, to be the temperature of the maximum in dp/dT,
and the offset criterion takes T. to be the temperature at which linear
extrapolation of p(T) at the superconducting transition intersects p = 0 line.
All three data points are plotted in figure 14 for selected values of applied
field using a sample of MgB, wire [26]. Similar data was obtained on a
Mg'’B, sintered pellet and is shown in figure 15 along with other critical field
data derived from magnetization measurements discussed below. It should be
noted that the temperature dependence of H,(T) is rather curious and bears a
striking resemblance to that found for YNi,B,C and LuNi,B,C: a large, linear
in temperature range with slight upward and downward curvatures near T,
and 0 K respectively. [7,23,27-29].
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Fig. 13. Kohler’s plot for MgB, wires: open symbols from p(T) at different applied
fields, filled symbols from p(H) at 45 and 60 K. Inset: Ap(H)/po at 45 and 60 K [26].

Figure 16 presents magnetization loops for MgB, at representative
temperatures and the inset of figure 16 shows similar loops taken over a wider
range of temperatures and fields. The magnetization data are reversible (to
within ~1%) for higher fields and then suddenly depart from reversibility for



fields below H;, (shown for 30 and 36 K). Given the small, normal state
magnetization of MgB,, H,(T) and H;, can be easily determined from these
data and are plotted in figure 15. As can be seen there is good agreement
between the values of H(T) determined from the magnetization and the
value determined from the resistivity data and the onset criterion. It should be
noted that the irreversibility line (figure 15) that is determined from the
magnetization loops presented in figure 16 is in good agreement with the
irreversibility line inferred from NMR data on similar Mg''B, samples [30].
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Fig. 14. Upper critical field for MgB, wire. Values were extracted from magneto-
transport measurements similar to that shown in figure 11. For each applied field value
onset, maximum slope and offset temperature values are plotted [26].

The critical current density can be inferred from the magnetization loops via
the Bean model [23]. Figure 17a presents the J.(H) values for selected
temperatures that have been extracted from the M(H) loops shown in figure
16. Given that the sample used was a piece of sintered pellet the dimension
of the sample used in the Bean equation was the diameter of the equivalent
sphere, d ~ 1 mm. Similar data were taken on a segment of MgB, wire and
are shown in figure 17b. In this case both M(H) loops as well as direct
measurement of V(I) were used to determine the critical current density. The
maximum value of J, for the wire samples is roughly a factor of 3 higher than
that found for the sintered pellet. In addition the low current density values of



J. (that were directly measured from V(I) curves) are substantially higher than
the values inferred from the Bean model and the M(H) loops. To at least
some extent this 1s associated with the fact that for low J. values the Bean
model becomes statistically more inaccurate due to the increasing reversibility
of the M(H) loops.
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Fig. 15. Upper critical field of Mg'’B, determined resistively (onset and offset are
vertical bars and maximum slope are open circles) and from magnetization data (filled
circles). Asterisks show Hj, [23].

One other parameter that can be extracted from the M(H) curves is an
estimate of the thermodynamic critical field H.. This is achieved by first
assuming that the same pinning force will exist for increasing and decreasing
applied magnetic fields and then finding the area under the average
magnetization, Mye = 72 (Myp Mgown), curve. [23,31]. Plots of the critical
field for the sintered pellet is shown in Fig. 18. It should be noted that the
slope of the H.(T) plot is related to the jump in the specific heat at T, by AC =
[VT/4n][dH/dT]*. Using dH/dT = 120 Oe/K this gives AC = 80 mJ/mole K,
a value that is close to AC = 92.6 mJ/mol K found from the data in figure 10.

Using the data presented above values of several salient length scales
can be determined. The electronic mean free path at 42 K can be estimated to
be [ ~ 60 nm by taking the residual resistivity, calculated Fermi velocity, vy ~



4.8 107 cm/s, and an estimate of the carrier density, 6.7 e/cm’, based on the
simple assumption of two free electrons per unit cell [7].
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Fig. 16. Expanded view of magnetization loops on pellet of Mg'°B; for T = 30 and
36 K. Inset: magnetization loops over larger M-H range for T = 6, 12, 18, 24, 30, 36 K
[23].

This can be compared to the superconducting coherence length &, which can
be determined from the low temperature limit of H., by using: &, =
[¢O/2TCHC2]1/2. Using He,(0 K) ~ 16 T from figure 14, &, ~ 4.4 nm. Given that
&y << I, MgB, is deeply in the clean limit. The Ginsburg-Landau parameter
can be determined by using, K = H,/N2 H, ~ 30 for the sintered MglOBz
sample. Using this value of K the London penetration depth, A can be found
to be ~ 132 nm by using K = A/E,.

It 1s important to note that whereas the values given above are simply
estimates of /, &, and A, two conclusions are unambiguous: the MgB, samples
are deep within the clean limit (//§, >> 1) and are extreme examples of type-II
superconductors (K >> 1).
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Fig. 17. Superconducting critical current density of (a) Mg'’B, sintered pellet and
(b) ~150 um diameter wire. It should be noted that for the wire sample the lower current
density (open symbol) data points were taken from V(I) data. All other data points have
been inferred from M(H) data via the Bean model [7,23].
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Fig. 18. Critical field H, for sintered Mg'°B, pellet [23].



Up to this point the analysis of the data has implicitly assumed a
relatively isotropic superconducting groundstate. Recent measurements of
conduction electron spin resonance (CESR) as well as magnetization indicate
that MgB, may actually have a highly anisotropic He(T) [32]. An
anisotropyas large as 6-9 can be inferred from magnetization measurements.
For a sample that consists of randomly oriented grains of a uniaxial
superconductor with the anisotropy y = He,"*/H,,° placed in a field H along z -
axis the magnetization can be written (for the case of y> 1) as

M, = - Mof(H), My = o/[32°A° By *(v*-1)”] (1)
f(h) = (1-4h%/3h? (1-h*)"2 + In {[1+(1-h*)"*)/h} (2)

where B =1.16, h = H/H,™, A = (Aan'A)'”, and dp is a flux quantum (here we
skip derivation and important discussions related to these equations and refer
thoughtful reader to [32-34]). Figure 19 shows the reversible part of the field
dependent magnetization M(H) for a number of temperatures together with
solid curves obtained by fitting the data to the equations above. The prefactor
My(T) and the in-plane upper critical field H,"(T) were taken as fitting
parameters. The resulting values of both these parameters re reasonable and
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Fig. 19. Reversible magnetization M(H) of MgB; at temperatures from 6 K to 34 K
with a 2 K step. Solid lines are calculated with the help of equations (1), (2) [32].



their temperature dependencies behave as expected. The fits give the limiting
value My(T—0) = 0.26 G that translates to A*(0)y"*(y-1)"* = 2.1 10 cm’.
Estimates of A(0) range between 110 nm [35] and 140 nm [23], which yield
the anisotropy of the upper critical field y= 6-9.

Independently, the H., anisotropy can be evaluated from the
broadening of the resistive transition in an applied magnetic field. The
theoretical approach was developed more than a decade ago and used for
YBa,Cu;0, [36]. It is based on the anisotropic Ginzburg — Landau theory of
the upper critical field and the Davidson — Tinkham phenomenological
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Fig. 20. Magnetic field dependence of the resistance of MgB, wires at 22.5, 25,
27.5, 30, and 32.5 K scaled by Ry and H;, (see text). Lines are theoretical curves
calculated using equations (3), (4).

equation for the resistivity of a heterogeneous aggregate of superconducting
and normal crystallites [37]. Without going into details that can be procured
from [36,37], the resistivity in a field H, p(H), normalized to the normal state
resistivity py can be written as



p(H)/px = (1-6f,(H))(1+f.(H)/X) (3)
fy(H) = {[(H™/H)*-11/(y-1)} (4)

where X, depolarization factor, depends on the crystallite shape [37], being X
= 1/3 for spheres.

Figure 20 shows the field dependent resistance of MgB, wires through
the superconducting transition at several temperatures. The resistance is
scaled by the normal state resistance Ry, and the applied field is scaled by the
field Hy;, (the applied field for which the resistance reaches 0.5 Ry at that
temperature). Lines present the behavior expected from the model mentioned
above for several values of H., anisotropy 7. Figure 20 shows that y = 6-9 can
consistently describe magneto-transport data. It has to be mentioned that the
estimates of y from the broadening of the superconducting transition are
somewhat less straightforward since an additional assumption about
percolation is required and H., anisotropy is considered as the only
mechanism for broadening, neglecting, for example, possible effects of
fluctuations. On the other hand, the agreement between the magnetization
and the magneto-transport-based estimates of gamma is encouraging.

A similar anisotropy can be inferred from CESR measurements [32] as
well as analysis of M(T) at constant H data [38]. This later technique has also
been used to find anisotropies in He(T) of powdered samples of Y1221 and
Lul221 which agree with single crystal data taken on samples from the same
batches. Further research into the origin and implications of this and other
[39] anisotropies is ongoing.

SUMMARY

The first half of 2001 has brought with it the discovery and
characterization of a simple, intermetallic superconductor, MgB,, that has a
remarkably high T, ~ 40 K. Even after just six months of research MgB,
appears to be an exceptionally interesting material for basic as well as applied
research. MgB, can be synthesized in the form of wires, tapes or films by
exposing the appropriate form of boron (filament, tape, or thin film) to Mg
vapor for the appropriate time (which depends upon the dimension of the
boron used). This has lead to high-density samples of wires as well as thin
films. In the normal state MgB, appears to be a relatively simple metal with
one salient scattering time. In addition, MgB, has a large ®p, and, not
unrelated, a low normal state resistivity. The superconducting transition



temperature of MgB, manifests a substantial boron isotope shift, a result that
is consistent with MgB, being a phonon mediated, BCS superconductor. The
H,(T) measured on polycrystalline MgB, samples is linear in T over a wide
range of effective temperature with H,(0) ~ 16 T. MgB2 appears to be an
extremely type II superconductor with ¥k >> 1 and deep within the clean limit
with [ >> &,. The superconducting critical current density of MgB, wires is 4
10° A/em® at 5 K as inferred from the Bean model and there is every
likelihood that this value can be increased by the addition of pinning
mechanism.
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